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METHODS AND APPARATUS FOR HEMOSTASIS FOLLOWING ARTERIAL 

CATHETERIZATION 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application is related to and claims priority of PCT Application 
PCT/IL2004/0OOIO0, filed February 3, 2004, the disclosure of which is hereby 
incoiporated by reference, entitled "METHODS AND APPARATUS FOR 
HEMOSTASIS FOLLOWING ARTERIAL CATHETERIZATION'' under CFR section 
L78 (aX4) and CFR section 1.78 (a)(5Xi)* 

FIELD OF THE INVENTION 

The present invention relates to catheterization systems and methodologies 
g^erally and more particularly to post-cadnetBrizatioa closure. 



BACKGROUND OP THE INVENTION 

Various techniques are known for arterial catheterization* FoUowmg arterial 
catheterization, it is necessajy to promote bemostasis quickly and without undue 
hardship for the patient 

Applicant's U.S. Patents 5,728,134 and 6,048^58, and Published PCT Patent 
Applications WO 98/11830 and WO 00/02488 describe methods and apparatus for 
bemostasis that greatly simplify hemostasis and thus greatly reduce patient discomfort 
following arterial catfaeterizatiOT. These patent documents^ the disclosures of which are 
hereby incorpoiated by reference, and the prior art referenced therein arc considered to 
represent the state of the art 
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1 1 SUMMARY OF THE INVENTION 



nxe present invention seeks to provide iniproved systems and methodologies 

for post-catheterization closure. 
5 niae is thus provided in accordance with a preferred embodiment of the 

p^sem invention a hemostasis device including a shaft having a forward end. at least 
one anchor balloon mounted on the shaft at the forward end and at least one electncal 
1 1 ^istMceheatingelement,mountedonthemainshaftforwardoftheatleastOBe^^^^ 

I element and being operable to enhance hemostasis. 

\ 10 inaocordancewithapteferredembodimeiitoftheFescntinventiontheatleast 

one anchor element comprises an anchor balloon. Preferably, electrical lesistance 
I heatmg element is configoied to be sutoble for passage through a catheter mtro 

for introduction the,«,f to a desired hemostasis location and to be foldable over the 
f<«waid end of the shaft and fte at least one andK.r baUoon dining the passage. 
I 15 h.accordanoevw(hanofoerprefeii«lembodimeotofthepresent 
I electri«dresistanceheaiingdemeittis«»figu«dt^ 

Ihe shaft in a mamicr that portUms of the electrical resistance heating element generally 
do not overlap when so folded. Preferably, the electrical resistance heating element is 
configured to define a plurality of leaves. Optionally and preferably, the plurahty of 
20 leavesarearrangedgpnerallyinafoiir-leafcloverconfiguration. 

In accordance with yet aoother prefened embodiment of the pre.sent mvention 
the electrical resistance heating element is resiUentJy bendable to be foldable over the 
• fep^ri end of the shaft and to e«end radially ouw^ 

I foUomngfoldingtiiaeof. 

25 foaccordancewithafortherpteferredembodimentofthepreseiitinvenfionthe 

. hemostasis device also includes at least one peripheral balloon, disposed rearwdly of 
the at least one anchor balloon along tiie shaft. 

In accordance with a still farther preferred embodiment of the present 
invention the shaft inchides at least a first lumen and a second tomen. the first lumen 
\ 30 beingopenitivetosupplyfluidtotheandiorbaUoonforirrflaiiontheieofandthe^^ 

I lumen being operative to supply fluid to the poipheal balloon for inflation thereof. 

S Ta accordance vilh yet a forlher preferred eiDbodin»rt of the present 
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the electrical resistance heating dement is fiwmed of foU. 

fc accordance with another preferred emhodimeitt of the present inveauon the 
hemostasis device ako includes a first and a second conductor operative to supply 
electrical power to the electrical resistance heating element, the first conductor 
5 ejctendiiig through the fim lumer. and the second conductor « 

t second lumen, 

f There is also provided in accordance with a piefened embodiment of the 

I present invendon a method for accelerating hemostasU of aa artery having a puncture 

after artmal catheterization, the method inchiding the steps of follov«ng artenal 
[ 10 catheterization, mlioducir^ through a catheter iiitroducer a hemostasis de^ 
I a shaft having a forward end. at least one anchor element mounted on the shaft at the 

\ f forward end and at least one electrical resistance heating element, mounted on the shaft 

If fop^doftheatleastoneanchorballoon,sudithatafoiv«dendofthehemostas.s 

! device Ucs exterior of the artery a^acent a puncture in a wall of the ar.«y, accelentmg 

' 15 hemostasUmthevicinityofthepnnctuiebyoperatiiigthedectrical.csu^ 
element. Aerehy shortening the time required hemostasis and follov^^ 
removing the hemostasis device fiom the pafienL 

to accordance with a piefened embodinwnt of the present iirvenlion the 
iBtiodiicing the hemostasis device inch»des passmg ihe hemostasis device through the 
20 catheter introducer inclodmg tbldlng the at least one dectrical resi 

element over the forv^rd end of the shaft and the at least one anchor balloon. 
Refaably, the folding is such that portions of &e dcctrical resistance heating dement 
gCTwal^ do not overlap when they are folded. 

In accordance with another preferred emhodhnent of the present invention the 
25 dectiicd resistance heating dement Is configured to define a pluraU^ 

vherdn the fi>lding includes folding of the leaves in a generally non^verhq>ping 
arrangement Preferably, during the foidmg the electrical resistance heathig dement .s 
resiliently bent and folded over the forward end of Ihe shaft and prior to and followmg 
the folding, the dectrical resistance heating elemeirt «ct<»ds radiaUy outward fiom the 

30 shaft . 

In accordance with a further prefcned embodiment of the present tevetmon the 

bemostasis device also includes at least one peripheral balloon, disposed rearwaidly of 
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th. at least one anchor baUoon along the shaft and bdng ananged for opei^onal 
interactioa with tunica intima, tuiuca media and tunica adventitia portions of the ortcry 
and v*i«ein the accelerathig hemosta^s includes allowing a United volume of blood to 
coUect outside of the arte^r in a region delindted by the engagement of the at leart one 
I^ipheral balloon with the arteiy. following deflation of the anchor balloon and 
employing inflation of the at least one peripheral balloon to apply pres^e to the artery 
to cause the tunica intima. tunica media and tunica adventitia portions on both sides of 

the puncnjte to be mutually engaged. 

In accordance with a still further preferred embodiment of the present 
invention the accelerating hemosuisis also includes supplying electrical power to the 
electrical resistance heating elemenx which stimulates denatmadon of protrins m the 
tunica adventitia portion, thereby causing the tunica adventitia portion to seabngly 
bridge the tunica media portion at the puncture, fteferably, the acceleraling hemostasis 
mcludes supplying electrical power to the electrical resistance heating element for less 
than S seconds. 

BRIEF DESCRIPnON OF THE DRAWINGS 
The present invention win he m«krstood and «>piedate^ 

feltowing detaUed deseriptioo. taken in coiBunrt^ 

Figs. lA, IB. IC, ID, IE. IF, IG. IH. II. IJ and IK aie simplified Uh^stradons 
of a hemostasia device constructed and operative in accordance with another preferred 
enibodhnent of the present iirvemion and vario^ 
treatment context 
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DETAILED DESOUPTION OF PREFERRED EMBODIMENTS 

Refenaioe isnowmadeto Figs. lA, IB. \C, ID, IE. IF. IG. IH. II, IJ and IK, 
which aie simplified iUustrations of a hemostasis device constructed and operative in 
5 accoidance wilh still another preferred embodiment of tbe pieseitt invention and various 
stages of its operation in a. patient treatment context. 

Fig. lA shows a hemostasis device 100 for producing hemostasis following 
arterial' catheterization, in accordance with a preferred embodiment of present 
invention. The hemostasis device 100 is suitable for insertion via a cottventional 
10 catheter introducer (not shown) following completion of catheterization and removal of 
the catheter from the catheter introducer. 

In accordance witii a prefened embodiment of ttie present invention, 
hemostasis device 100 comprises a main shaft 102, which has first and second hmiens 
104 and 106. Fiist lumen 104 extraids along the mam shaft 102 » an amSior balloon 
15 inflaiioa location 112. Second lumen 106 extends along the shaft 102 to a peripheral 

balloon inflation location 122. 

Disposed at an end of xnain shaft 102 at anclior baUow infladcm location ^ 

an anchor element such as an anchor balloon 140. Anchor baUoon 140 is selectably 
inflated via a stopcock 142 and associated conduit 144 in fluid commnnication vrith first 
20 lumen 104 in mam shaft 102 fanned in head element 150. Head element 150 is fixed to 
main shaft 102 at an end thereof opposite the end st which anchor balloon 140 is 
located. 

Disposed adjacent the end of mam shaft 102 in fluid communication with 
peripheral balloon inflation location 122, exterior of an outer wall 152 thereof is a 

25 peripheral balloon 160. Peripheral balloon 160 is selectably inflated via second hanen 
106, via a stopcodc 162 and associated conduit 164 formed in head element 150. 

Additionally, in accordance with a preferred embodiment of the present 
invention, an electrical resistance heating element 180 is disposed forwaidly of the 
anchor balloon 140. Preferably, the lesistaofie heating element 180 is fijrmed of a firil 

30 ViAof^ is electrically coiq>led at opposate ends thereof to electrical eondiictois wWch 
extend through the main shaft 102. In the iUustiated embodinwait, a first condiM^ 
is attached to a jSist end 184 of resistance heating element 180 and preferably exteids 
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tbrough the fitst lumen IW. and a second condx«:tar 1 86 is att^^ 
ofiesistance heating elementl«0 and extends thiougfclheseco^ 106. 

Preferably, the resistance heating element 180 has a Benerally four-le«f cW 
configuration, as sbom including radially extending leaves 190, which are preferably 
5 retained in position at the end of main shaft 102 by a retaining disc 192. Alternatively 
retaining diacl92 m^gr he obviated. Electrical.power is suppUed to i^sistance heating 
element 180 via a switch 196. which couples first conductor 182 and second conductor 
186 to a source of dectrical power. Heating of resistance heating element 180 enhances 
hanostasis at the aperture in the artery. 
,0 Reference is now made to Figs- IB - U, which illustrate various steps in a 

preferred mode of operation of the ^aratus of Fig. lA. 

Fig. IB illustrates the hemostasis device 1 00 about to be inserted into an artery 
200 via a conventional catheter introducer assembly 202. following completion of a 
catheterization procedure and withdrawal of a catheter (not shown) ftom the catheter 
15 ixrtroducer assembly 202. Tbe catheter introducer assen^ly 202 com«^ 

a catheter introducer sheath 204 oKi an oitqr finoiel portion 205. Kg. IB «^ 
cross-section, the catheter introducer sheath 204 extending through a puncture 206 m 
the artery 200. It is seen that thr t,,ni«i jffltima 208 and the tunica media 210 as weU as 
the tonica adventitia 212 ate sptcad apart at the jiMcn^ 
20 the calfaeta introducer sheaft 204. 

Fifr IC shows the bemosiasis device 100 inserted into the catheter introducer 
assembly 202 such that the leaves 190 are each indrvidnaHy folded backwards over the 
end of the main Aaft 102 Bid over balloons 140 and 160 and do not generally overlap 

each Other. 

25 Fig. ID shows the hemostasis device 100 inserted through the catheter 

i^rtroducer assenibly 202 such that the outer end of the main shaft 1 02 extends into the 
artery 20O weU beyond the end of catheter introdncer sheath 204. As shown with 
particularity in Fig. ID. at this stage both anchor balloon 1 40 and peripheral balloon 160 
ate deflated. It U seen that the leaves 190 of the resistarKe heating dement 180 h^ 

30 returned to their generaUy planar orientation, extending tadiaUyo^^ 

shaft 102. . 

Reference is now made to Fig. IE. which shows initial inflation of the anchor 
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baUoon 140, preferably by ^ of a syringe 220, coimmimcatuig with first lumen 104 
via the interior of head element 150. stopcock 142 and associated conduit 144. The 
inflated anchwliallooii 140 prefisrably has a cusp-type configuiation. 

Following mflation of the anchor balloon 140, the catheter introducer assembly 
202 and the hemostasis device 100 are both withdrawn, such that the catheter introducer 
sheath 204 is lemoved ftom artery 200 only when the anchor baUoon 140 already 
engages the interior wall of arteiy 200 in sealing engagement with the aperture in the 
artery 200 through which the catheter iniroducer sheath 204 is withdrawn and through 
wrtiich flie main shaft 102 presently extends. This stage Is shown in Fig. IF. 

As seen in Fig. IG, initial inflation of the peripheral baUoon 160 is effected, 
piefewbly by use of a syringe 240 conmiunicating with second lumen I06.via head, 
element 150, stopcock 162 and assodaied conduit 164. 

thereafter, as seen in Fig. IH. the aodwr baUoon 140 is deflated, preferably by 
operation of syringe 220. commumcatiag with fist hmioi 104 via head dement ISO, 
15 stopcock 142 and associated «mduit 144, and the peripbendballooti 160 rem^ 

inflated, which pref eiably causes the ejctieme «id of the main shaft 1 02 to be withdrawn 
fiom the artery 200 to a location lying just outside the ateiy wall. As seen in Fig. IH, 
peripheral balloon 160 is preferably designed to aUow a limited volume of blood to 
coUect outside of flie artery waU after the andior baUoon 140 is deflated. ^ 
blood is located, in a legioo. indicated by reference mimeial 250, delimited by the 

engagement of peripheral baUoon 160 with the artery wall 

It is noted thai at this stage, the tunica intima 208 and the tunica media 210 as 

veU as the timioa adventitia 212 are no longer spread apart at the puncture 206, 
inasmuch as the mahi shaft 102 is no longer present thereat and in response to pressure 
25 ^pUed to the artery 200 by mflated peripheral baUoon 160. 

Preferably at this stage heatmg of the electrical resistance heating eleDMrt 

is effected, preferably by an operator closing switch 196, as shown in Fig. IL "nna 
heating preferably cwitinues for less dian five seconds. 

Once acceptable hemostasia has occurred in region 250, the peripheral baUoon 
160 is deflated, as shown in Fig. IJ. prefcmWy by operarion of syringe 240, 
commmiicating with second hmien 106 via head element 150, stopcock 162 and 
associated eondnit 164. 
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Hxereafter. the hemostasis device 1 00 is entirely whhdravai from the patient, 
leaving a region 250 of hemostasia outside of artery 200, as shovm in Fig. IK. 

ft is noted that at this stage, by virtue of denatuiation of the proteins thereof; 
fte tanica adventitia 212 sealingly bridges the tunica media at the region of the puncture 
5 206 Preferably, &e operation of the electrical resistance heating element 180 does not 
I„oduce significant heating of the tunica media and tunica intima. and does not produce 
heat^induced welding thereat, thus preventing the foimation of lesions Ihei^ that could 
otherwise occur due to excessive heating thereof. 

It vriU be appreciated by persons skilled in the art that the present invention is 
10 not Ihnited by v^at has been particularly shovm and described hereinabove. Rat^^^ 
scope of the present invention includes both combinations and subcombinations of die 
various features described hereinabove and shown in the drawings as weD as 
modifications and further developments thereof vrhich wotid occur l» a person of 
ordinary skill in the art upon reading ti« foregoing description and which are not in.the 
15 prior art 
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CLAIMS 
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1, A hcOToataaifl device contfnisi^ 

admit having a forararrt end; . ^ j 

^,^to.e^rbanaoncl«nento..:d<l*,ftal«idf<«w«rd««l;a^ 

^ l,^ one Ceco^ca, x«b«mc. « ino«n«d oa s«d ah-ft 

element cwn^iises an anchor bnlloon. 

!rr^.^te over ,^d.^d end of^^^s^daU^c^c^ 
beUoon dofing said F&s3ft$«. 

^ ctancnt » ooBfig-d to be Md*lc over ^ for^ end «i<i ^^"^ » 
oveilap when so folded^ 

elcetri«l ^to. beafi-g etemot b wofi«»»dto »P>.r«IiQr of le««s. 
am aiwd guMMiV to atoirf«£dow« eonflfiuwton. 

7 K devto .ccordiBg to «ny of the F«cdine data -»l ™te«in sdd 

e»d <rf «^ steft »ri to «acn* «didly *^ 
ftllowiiKfoldingiiiereof. 
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, A hemo^J. device acccitUng to ^ of the preceding deims «ul e^so 
comprising .t Ic^t on. penpbexal balloon, disposed rearwardly of said « lu^i one 
ftodwir balloon along scdd shaft. 

9 A hcmostasis device acconluvg to ckm. 8 and u^herdD s«d »haft coiniw«« ^ 
teast a first lumeri ond a second lun,::^ »id fi^ l"'^- 

to M anchor bellooD for teflatton *«cof and aaW wooad !umm bci« 0P««a'«» «> 
siipp)y fluid to sBidperipbeial ballam fer bflmioatherBofc 

10. AhemoBtas« device accnrdinstomiy of O^iwecedingrte^ 
diwtrical rcsistanoB beatuXB elcOTBirt 13 fonn^ 

r«istam« begins etoiem. said fi«t cot.d««or 
^sec<md»iiductot«xtmdiii8lfa<)UjS*xsaid6«c'M^ • 

12. Am«hod&r««k«^l«mo«asteof«^ 
arterial cjUieieiiartlnn. the method comprising the steps efe 

„^ oa said sb^ft at «Bd fcrward ead and - least ooe ete^ 
ete^Bt, n«n->trf «» «d ihflft &r«»nl of said at Ica^ 
forwarf end of «id hcmostMis device lies em«n of 4^ 

vvBUoftheaiteiy; , 

aa«)«»in« h«n«*as« in vici.diy of said punrtMie by qp«d»« «d 
ei^ttol rcaiattnoc hMtfng tf«nem. iWv al»»tad»g C» tiD« t«i«faad fcr 

ijeatasiiMis', and 

fellowii* IWDortads, Bmoving saidhw^ 

13. Amatbod«oardii«tocUhnl2and>*a»inaaW>t»«.^oi«an^ 

10 



PAGE28/293'RCVD AT 11/20l20063:57:15PM[Eastem Standard TiinepSVR:USPT0{F)(RF-S/4' DNIS:2738300' CSID: ' DURATION (ini>MS):37^ 



BEST AVAILABLE COPY 



11/20/2008 15:02 FAI 



11)029 



r 



WO2005/074W 



PCT/IL2005/O00m 



comprises an anchor balloon. 

14 A method ac^irdtag to either of claims U and 13 and wherein said imroducing 
said hemo5taris device includes passing said hemostasia device through said catheter 
introducer including folding said at least one electrical resist^ce heating dement over 
said forward end of said shaft and said at least one anchor balloon. 

15 A method according to claim 14 and .herein said folding is such that portions 
of said electrical resistance heating element pnerally do not overlap ^«hen they are 
folded. 

16. A method according to any of the preceding cbims 12 - 15 and whereto said 
electrical resistance heating element is configured to define a pluraUty of leaves, and 
wheiem said folding includes folding of said leaves in a generally nonK)verlai>pinB 

anangexncAt 

17. A method according to any of *e preceding daims 12 - 1 6 and -li^eiein during 
said folding said electrical resistance heating deinert is resilia^^ 

said forward end of said shafk and prior to and following said folding, said electrical 
lesistaace headng element extends radially outward fiom said shaft. 

18. A mefliod according to ariy of the preceding claims 12 - 17 and wherein said 
hemostasis device also inchides at least one peripheral balloon, disposed rearwardly of 
said at least one anchor balloon along said shaft and being arranged for operational 
interaction with tunica inthna, tunica media and tunica adventitia portions of said artery 
and Ttlierein s^d accelerating hemostasis comprises; 

allowing a limited vohime of blood to coUect outside of said artery in a region 
delimited by the engagement of said at least one peripheral balloon with said artery, 
following deflation of said anchor balloon; and 

employing inflation of said at least one peripheral balloon to apply presswe to 
said artery to cause said tunica inlima, tunica media and nmica adventitia portions on 
both sides of said punctuxe to be mutually engaged. 
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19. A method accordtag to claim 1 8 and wherein said accelerating hemostasis also 
comprises supplying electrical power to said electrical resistance heating element which 
stimulates denaturation of proteins in said tunica adventitia portion, thereby causing said 
tunica adventitia portion to aealingly bridge said tunica media portion at sai^ 

20. A method according to any of claims 12 ^ 19 and wherein said accelerating 
.hemostasis comprises supplying electrical power to said electrical resistance heating 
element for less than 5 seconds. 
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